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Relationship between platelet density and platelet aggregation,
ATP release, and cytosolic-free calcium mobilization in rabbits
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AIM: To study the relationship of platelet
density and platelet functions, including ag-
gregation., ATP release, and intracellular cal-
METHODS. Platelet den-
sity was evaluated by discontinuous gradients

cium mobilization.

of Percoll and cytosolic-free caleium concen-
tration in single platelets was measured by flu-
RESULTS: Rabbit

platelets were assorted into 3 subpopulations

orescence and imaging.
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using discontinuous gradients of Percoll: high
density (HD. >>1.082, 20 % —30 %), inter-
mediate density (1D, around 1.057. 40 % —
50 Y and. low density (LD. <Z1.051. 10 %
—15 A
populations were widely different (HD. 725
+76: ID, 443 = 47: and LD: 307+ 46} and
well correlated with the density (7==1). 988, P
<M. 01 1.
t1ons n the 3 subpopulations were 781+ 8 ¥,
6944 . and 62+ 3 %, respectively and a

The sizes of platelets in these sub-

Thrombin 0. 5 U-induced aggrega-
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difference was found between HD and LD (P
<0.n5%. The amounts of ATP releascd dur-
ing aggregation were 4.7 0.9, 3.4 + 1.0,
and 2. 64+ 4.6 pmol/4  10° platelets in HD,
ID. and LD groups. respectively. Thraomhbin
150 U-induced [ Ca’' |, mobihization in HD
(990 % 130 nmel L' was different (P
<Z0. 01} from thaose in ID {410+ 80 nmol L™
and LD (4002440 nmol L ™'}, Serotonin {5-
HTY 3 pmal L' also caused [Ca®’ ], moknliza-
tion in single-washed platelet subpopulations
and results were similar to those of thrombin
although it did not induce any detectable ag-
gregaticn or release reaction,
CONCLUSION:  Platelet

intracellular calcium concentraotion were in-

functions  and

ereased with platelet density in rabbits.
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Platelets are heterogeneous with respect
te density . size, age. volume. ultrastructure.
bicchemical composition and funetion. But
the interpretation of platelet density hetero-
geneity remains controversial. The platelet
density was determined primarily by its con-
centration of platelet specific granules!!!, in-
cluding dense granules and a-granules ™ ¥,
Some investigators showed that platelet densi-
ty decreased during the platelet lifespan(® 3,
studies suggested that

However., recent

platelet aging was acrompanied by a slight in-

671 varying with the

crease in platelet density
species and methods used for separating the
platelet density subpopulations. The cytoso-
lic-free calcium plays a crucial sole in the pro-
cesses of the signal-transducing system of
platelets. the rearrangement of the micro-
tubule and microfilament systems upen the
platelet morpholegical change with {formation

of pseudopods and binding of fibrinogen to its

receptors, GP 1,/ 1,, during aggregation ™.

In the present experiments, the relationships
were investigated in platelet density . size, and
the responses to thrombin and 5-HT, includ-
1ng aggregation, release reaction. and cytoso-
lic{ree calcium mobilization 1n washed rabbit
platelets by using discontinuous Percoll gradi-

ents centrifugation,
MATERIALS AND METHODS

Agents A series of concentrations of Percoll
{ Pharmaria Ca, Tokyo) solution was prepared for
gradients centrifugation. Luciffermm-Lucifease ¢ Chrone-
Log Co. Havertown PA} for measuring the secrerion
of ATP was dissolved in salme (40 g L™'3. ATP
¢Sigma Ca. St Louis? for the typical change of platelet
release reaction was dissolved in distilled water (1
mmol L7') and diluted to 301 pmol L.=! with saline (fi-
Throm-
bin ¢ Topical. Bovine Orgin. Parke-Davis Division of
Warner-Lambert Co. Morris Plains NJ Y was kept at
— 20 € and dissclved in HEPES-buffer before use.
5-HT (Wako Pure Chemicals. Osaka) dissolved in
HEPES-bufler.
was dissolved 1n distilled water with NaQOH 0. 5 mol
L™', pH adjusted to 7.4 with HCL 0.5 mel L%
Fura-2 and Fura 2-AM { Wakg Pure Chemicals.

Osaka » were used for Ca't calibration curve and

nal concentration; 1 pumel 1.7} hefore use.

Egtazic acid (Sigma Co. 5t Louis)

platelet loading.

Blood
(a0 mlL wn 2 plastc tubes ) was collected from che
carotid artery of New Zealand white rabbits (2. 8+ 0. 4
kg) with 1/7 volume of acid atrate-dextrose solution
{ACD, sodium citrate 85 mmol L™, aitrate acid 71

Preparation of platelet subpopulations

mmol L™!, and glocose 110 mmol L~') under ether
anesthesia and then centrifuged at 200 ~ g at 20 —
25 C for 15 min o get platelet-rich plasma (PRP)
which was f{urther centrifuged at 800 - g for 20 min.
The platelet pellet was suspended with HEPES bulfer
(NaCl 145+ KCl 5. MgS0.1, glucose 5 and HEPES 10
mmel L™ pH 7.4 at 22 ).
layered in a density tube containing different concen-
trations 160 o, 50 “3. 43 "y. 40 O, and 20 Ty oof

Percol]l solution.

The suspension was

The tube was centrifuged at 210 - g
at 25 C for 30 mun to separate the subpopulations nf

platelets.  Three subpopulations of platelers nf high
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denstiy ¢ HD) = 1. 042, intermediate density ¢ 1D}
1. 057, and low density (LIJ) <7 1.05]1 were trans-
ferred gently into 3 separate tubes and washed again
with 10 mL of HEPES buffer and centrifuged again te
remove the Percoll solution, The subpopulations
pellets were resuspended wn HEPES bufler to a final
concentration of 6 X 10! platelets L7,

Platelet aggregation  The platelet aggregation
was gquantified by the light transmussion metbod™ in 4-
channels aggregometer (PAT-4A . Nippon Denshi Ka-
gaku Co. Tokyo) and recorder ( T-f26DS. Nippon
Denshi Kagaku Co, Tokyo).

termination of platelet agpregation were as follows.

The procedures for de-

After 2 min of preincubation at 37 (. the washed
platelets €250 L) in the cuverte was further incubated
for 2 min with HEPES-buffer or agents (20 pl. ) prior
to the addition of aggregation agents €10 pl.) with
stirring by a siliconized magnetic bar.

Determination of ATP  The ATP release in the
medium {rom the dense granules during platelet aggre-
gation of platelets was assessed by luminescence™" in a
2-channels lumi-aggregometer ( Chrono-Log Corp,
Ravertown PA) and recorder (B-281L. Rikadenki Ko-
gyo Co, Tokyo). The amount of ATP released was
expressed as pmol/4 7 107 platelets.

Fura-2 loading
pared in final concentrations of 1.2 < 10" platelets
L. 6 = 10" platelets L™ ! ¢ 2-fold dilution ), and
3 ~ 10" platelets 1.7 t4-{old dilution) and loaded with
Fura 2-AM 2 pmol L !¢{inal concentration) at 37 C

The washed platelers were pre-

for 15 min.

In the Iollowing experniments. 3 subpopulation of
washed platelets were diluted into 6 - 10" platelets
L7! and loaded with Fura 2-AM 2 pmol L™ at 37
for 15 min for this concentration of platelets showed
higher [Ca* ], mobilization with lower resting level of
FCat* .,

tained by centrifugating the platelet suspensions at 800

The Fura-2 loaded platelet pellet was ob-

+ g for 200 min at 25 C and resuspended in Ca®™ -free
HEPES buffer 1o obtain the final concentration of 2
- 10" platelets L1,
was adjusted to a final concentration of 1 mmol L' at

Extracellular Ca?™ concencration

5— 10 min before measuring [Ca®~], mobilization using
& digital image {luorescence microscope. a computer
assistant imaging and analyzing system.

Determination of platelet size The video images

were obtained using a silicon-intensified rarget camers.

with the autput duygtized to & resolution of 312 < 480
pixels by an image video analyzer with each point in
the image being assigned a value from ¢ to 235 in both
X and ¥ axis depending an flucrescent intensity.
Measurement of _Ca® ], in single platelet The
Fura-2 loaded washed platelet suspension (50 pl) was
layered on a thin micro-cover glass (40 - 50 mm.,
thickness, N.17 — Q.28 mm. Matsunami Glass Co.
Tokyo ) in a 2.5 mm cyclic chamber in diameter ar
room temperature and scartinized under a digital image
fluorescence microscope (IMT2-OSP-TT. Olympus®,
Tekvo ).
washed platelet, due to excitation at either 340 nm or
Apr 100 - and in-

verted into microscope. the video images were ob-

The flucrescence of Fura-2 loaded single
380 nrm. was imaged using UY.

tained using a silicon-tntensified target camera (STT,
Olympus™? which were stored and digitally analyzed
by photonic microscope system ( Argus 100/AC,
The ratic ¢R340/380) im-

age was achieved through the division of 340 nm image

Hamamatsu Co. Tokyo).

by 380 nm image. To evaluate bow long the prepara-
tion of washed platelets conld be used during experi-
ment, the samples were made one by one at a nme in-
terval of 30 min and the results of resting level of
intracellular calcium and [Ca®t ], mobilization induced
by thrombin 130 U were observed.

Statistical analysis  All data were caleulated by
Seatview SE -+ Graphics software and Excel 3.0 run-
ning in Apple Marcintosh LC HI personal compauter.
and expressed as T=s. The diflerences were evaluat-

ed by ¢ test.
RESULTS

Fluorescent difference Fluorescent ratios
were different in preparations with different
unmber of washed platelets loaded with Fura
2-AM 2 pumol L™'. The result showed that
2-fold diluted preparation had a lower resting
ratio and the highest ratio value after exposed
to thrombin 150 U (Fig 1A). and those were
maintained about 3 h after getting prepara-
tions {(Fig 1B).

Size and density of subpopulations HD,
1D, and LD platelets were fixed at the border
between 60 % and 30 15 (1.062) of Percoll
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Fig 1. Effect of piateiet counts on fiuorescence inten-
sity (A} and effect of sampie standing time on fluores-
cence intensity {B). Thrombin 150 U. r=11—15.
Tts.

solution, 45 % (1.057) of Percoll solution
and the border between 30 % (1.0513) and
20 % of Percoll solution respectively in the
density tube after centrifugation, and the size
of platelets were measured by X and ¥ axis
and expressed by the area (X XY in all sub-
populations (Tab 1). The results showed
thar platelet size was well correlated with that

of its density (Fig 2B).

Tah 1. Size in density subpopulations of washed
platelets. r=54— 73 ceiis in each subpopuiation from
ut feast & rahbits. TLs.

P-=0.05 vs LD and 'P<70. 01 vs LD and ID.

L
Density Size Density v E.lu
population
High 725476  >>1.062 20—30
Intermediate 443447 1. 057 40—56
Low 37 46 <1. 051 10—15

Platelet aggregation In thrombin 0.5 U-
induced platelet aggregation, the change of
light transmission was the most remarkable in
HD subpopulation (Tab 2).

ATP release Thrombin-induced platelet
aggregation was accompanied by secretion of
ATP from the dense granules of platelets
(Tab 23.

Fig 2. Standard calibration curve of calcium concen-
tration (A + and the relationship between size of
piateiets and thrombin 15 U-induced [Ca®" | mobifiza-
tion (B).

Tah 2. Thrombin 0.5 U-induced aggregation and re-
fease reaction in denmsity subpopuiations of washed
platelets. n—=12— 14 samples in each subpopuiation
from at least 6 rabbits, ¥+s. °"P<(0.05 vs LD.
'P<0.01 vs LD and ID. 'P<0.01 vs LD.

Deosicy Aggregation/ % ATP refease, ATP
S (Light transmission) pmal/4 X 10° platelets
HD 78+8' 4.7£0.9
1D 6944" . 4100
LD H2+3 2.6k0.6

[ Ca** ], mobilization by thrombin
[Ca’ ] in single washed platelets was calcu-
lated from R340/380 using standard calibra-
tion curve of calcium with Fura-2 2 pmol L'
(Fig 2A).

The intracellular calcium did not show a
significant difference in 3 subpopulations of
platelets about 80 nmol L~ '{Fig 3A}, but the
[Ca®t ], mobilizations by thrombin were not
[ Ca** ], mobilizations in HD
platelets were very sensitive to thrombin 15
and 150 U and
while in 1D and LD groups, _Ca* ], mobiliza-

the same.
concentratipn-dependent,
tions by the same concentration of thrombin

were only about 400 nmol L.7', less than the
half value in HD.
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Fig 3. (A) [Ca* ] mobilizations induced by throm-
bin (Thr. a=15—21' and ¢BJ [Ca*" ], mobilization
by §-HT 3 umol L7,
a=26—31 in HD and LD subpopulations. T=ts.
‘P<Z0. 01 vs LD or ID, "P<. 01 v5 LD.

[Ca** |, mobilization by 5-HT The addi-
tion of 5-HT to the samples resulted in a
slight [Ca®* ], mobilization in single washed
In HD platelets, [Ca?! ], concentra-
tion was elevated from basal level (76 4+ 6
nmol L™!) to peak value (162415 nmol L™")
at 90 min after the administration of 5-HT 3
pmol L™ {(Fig 3B).

platelet.

DISCUSSION

In this work we demonstrated that the
fluorescence intensity of Fura 2-AM loaded
washed platelets were closely associated with
the plateler counts when the toncentration of
Fura 2-AM was fixed.
exactly show the [Ca™ ], level, the concentra-

In other words, to

tion of Fura 2-AM must be high encugh for
loading the cytosolic-free calcium, but it is
still unclear if high concentration of Fura 2-
AM have a cytotoxity. at least, high concen-
tration of Fura 2-AM reduced the platelet ag-
gregation due to chelating effect of Fura 2-
AMCLI‘]’

and concentration of Fura-2/AM were very

suggesting that both platelet counts

important for getting a good fluorescence
intensity.

In addition . the fluorescence intensity of
both basal level or the level after stimulation
by thrombin mcreased or decreased with the
prolongation of sample standing time after
Fura 2-AM loading, indicating that washed
platelets were exhausted gradually and the
function was getting down time-dependently.
So. in this experiment. the measurement of
intracellular calcium concentration were per-
formed within 3 h after the preparation of
washed platelets.

The results also demonstrated that the
size of the platelet increased with its density.
This data was supported by a previgus re-
port 2y and primarily as a result of differences
in the number of storage organelles revealed
by a significant decrease in dense body number
and endogenous serotonin  content  with
decreasing platelet densities™™.

The present study showed that the re-
sponses of both platelet aggregation and re-
lease reaction to thrombin measured simulta-
neously in HD platelets were functionally
stronger and more active than those of in LD
platelets. This result was consistent with a
previous report'?’,  The significant reduction
in platelet function with decrease in density
may be due to partial or complete degranula-

N Further ex-

tion during platelet lifespan
periment showed that intracellular calcium
mobilization induced by thrombin was signifi-
cantly much higher in HI) than those in I and
LD without change of the basal level. a simi-
lar result was also found by using exogenous
serotonin.

In conclusion. the heterogenicity of
platelet 1s closely related to its size, density
and function. the most dense platelets are
much larger in size and more active in func-
tion, In general, the density decreased grad-
uzlly as the platelets increased in age in cireu-

lation since the platelets were exposured
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the ~stimulants repeatedly, resulting in

decrease in size and reduction in function,
From this opimon, the results of this study
supported the view that the highest density

platelets were newly formed ones with more

a3)

active function=-"'. This study also suggest-

ed that whv the number of larger platelets

increased in some pathologic states  with

atherosclerosis cardiovascular disease, such as

myocadial infarction"*’, while decreased in

disorders., such as Wiskott-

s

hemorrhagic
Aldrich syndrome
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